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was little change in the FEV % FVC over the period. Sudden drops of FEV were observed in a few men. Between 1956 and the number of men with regular sputum expectoration increased, but after 1962 more men lost this symptom than acquired it. The FEV was often markedly reduced by the time regular symptoms of bronchitis appeared. It seemed likely that symptomatic evidence of bronchial inflammation and infection and smoking were not related to the loss of ventilatory capacity in most men. Factors considered important to the genesis of airways obstruction, such as smoking, bronchial inflammation, atmospheric pollution and occupation, may differ in their importance in different environments. In this study atmospheric pollution was probably the most important factor.
The production of sputum is now accepted as the basic diagnostic criterion of chronic bronchitis (Ciba report, 1959) . The disability from chronic bronchitis lies, however, not so much with the production of sputum but with the repeated chest illnesses and ventilatory impairment which are so often associated with it. Severe breathlessness, incapacity for work and death from respiratory failure or cor pulmonale ensue in a proportion of patients. The Medical Research Council's (1965) Committee on the Aetiology of Chronic Bronchitis defined the disease and divided it into three subtypes. The first, or simple bronchitis, was recognized by the regular production of sputum for defined periods of time; secondly, mucopurulent bronchitis was separated by the presence of pus continuously or intermittently in the sputum; and, thirdly, in chronic obstructive bronchitis widespread narrowing of the bronchial airways was present to cause an increased resistance to airflow. The forced expiratory volume (FEV) was recommended as a simple reproducible test which is believed to parallel obstruction of the airways.
Prevalence studies have demonstrated a broad relationship between persistent sputum production, liability to acute chest illnesses and ventilatory impairment as measured by the FEV (Fletcher, Elmes, Fairbairn, and Wood, 1959;  Elmes, Dutton, and Fletcher, 1959; Brinkman and Coates, 1963; Stuart-Harris and Hanley, 1957) . It has been assumed that there is a cause and effect relationship between these features of chronic bronchitis but their mere association in time does not necessarily indicate this. This study reports a follow-up of chest symptoms and the FEV in a group of working men during a period of 11 years. The change of symptoms and of the FEV with time have been analysed independently and their interrelationships have been examined.
Methods
The population studied was drawn from a large engineer-326 A long-term follow-up of respiratory symptoms and ventilatory function in a group of working men 327 ing works situated near to the centre of Sheffield. Over the period a total of about 2 600 men were employed at the works and a group of 400 of them had been investigated in 1951 (Stuart-Harris and Hanley, 1957 (McKerrow, McDermott, and Gilson, 1960 The Poulton and Collins-Gaensler spirometers were compared using measurements on 40 men, and no significant difference was found between readings on each instrument (t = 16-6, P < 0 001).
A graph of the FEV against time was plotted for each man. Individual regression coefficients of the change of FEV and FVC against time were calculated. For the majority of the follow-up group 5 points were available, but in a small number only 3 or 4 were possible due to occasional non-attendance. The minimum period of follow-up considered satisfactory was thus 9 years but for the majority it was 11 years.
Results

Population changes
In 1956 289 men were seen; 99 were not seen again, but 87 were known to be alive in 1967. There was doubt about the other 12. Of those who were followed up, 159 were studied fully, including 2 who died in 1967. The remaining 31 died between 1956 and 1967. The expected death rate calculated from a life table using the Registrar General's data (1951) for a male urban population of the same age structure was 50 deaths. It is certain that some of the untraced persons would have died, making the disparity between the observed and expected death rate less. A chi-square test on the difference between 33 deaths and 50 deaths was not significant. Thus, in broad terms, the group did not have an adverse mortality experience. In 7 cases chronic bronchitis or cor pulmonale secondary to it was listed as the prime cause of death, in 1 it was status asthmaticus and in 3 carcinoma of the lung. In 3 other instances chronic bronchitis was listed as a contributory cause of death. The cause of death was not known in 2 persons. Age and changes in FEV and FVC The mean age of the group of 159 was 42 (SD = + 9-0) years in 1956 and was slightly younger than that of the 99 men not seen (47 years + 11-9; t = 3-71, P < 0-001). Those who died were older, 56 + 8-8 years in 1956. The mean initial FEV in 1956 was 2-78 ± 0-63 litres for the 159 men, 2-65 ± 084 litres for the 99 men not seen, which was not significantly different, and 2-15 litres ± 1-0 for those who died. This latter figure was significantly lower than both previous figures but was almost entirely due to the age difference (allowing for age, mean value would be 2 63 litres). Twenty-three had a positive and 136 a negative regression coefficient of the change of FEV with time in years. The mean regression coefficient for the follow-up group was -0-034 litre ± 0038 per year. The regression coefficient was significantly correlated with the mean FEV during the follow-up period obtained by summing individual values and dividing by their number (Oldham, 1962) . A lower mean FEV was associated with a greater rate of decline (r = + 0453; t = 63; P < 0001).
The deterioration of the FEV was also studied by calculating the regression of the FEV on age at each year of study. Table 1 shows the figures. As the population aged, the rate of loss of FEV increased. The mean figure of -0034 litre per year obtained from the analysis of individual regression coefficients presumably includes this age effect. A change of age distribution in the follow-up group did not account for this age effect.
The rate of loss of FVC was 0 064 ± 0 041 litre/ year. Only seven patients showed an increase of vital capacity during the study. The loss of FVC was 1956-1962 1962-1967 Mechanism of the decline of the FEV The individual graphs of the change of FEV with time were inspected. Large year to year variation (± 10%) in the measurements of the FEV were not observed and in most men a steady rate of change of FEV was found throughout the study. In a few instances sudden drops of FEV were encountered and these looked similar to those already observed in hospital patients with bronchitis (Howard, 1967) . The period of study was divided into three parts 1956-62, 1962-65, and 1965-67 . A rate of fall of FEV at least four times greater than the mean for the whole group (-0034 litre/year) and certainly greater than a figure two standard deviations from this mean occurring during any one of these periods was considered a sudden drop of function. By the nature of the study only sudden drops of ventilatory capacity which did not recover would be detected. There were 27 of these episodes in 25 patients and Fig. 2 
Smoking habits
The smoking habits of the whole group are shown in Table 5 . Twenty-seven maintained they had never smoked and 100 men were regular cigarette smokers throughout the period of study. Ex productive cough and winter illnesses. At the time when this investigation started (1956) many physicians believed that the sputum production and winter illnesses represented inflammation and infection leading to narrowing of the bronchi which both preceded and caused the breathlessness. It became apparent, however, with the first prevalence studies (Higgins, 1957; Fletcher et al., 1959) and in this study in 1956 that many patients who denied sputum and chest illnesses nevertheless had ventilatory impairment as shown by the FEV. American authors had always maintained that their patients became breathless and suffered impairment of ventilatory capacity without a comparable incidence of sputum and chest illnesses. But these views were subsequently modified after a Chicago-London comparison (Fletcher, Jones, Burrows, and Niden, 1964) . Cigarette smoking (Oswald, Harold, and Martin, 1953; Oswald and Medvei, 1955; Ogilvie and Newell, 1957; Higgins, 1959; Fletcher et al., 1959) , occupation (Pemberton, 1956; Higgins, 1957) , and atmospheric pollution (Holland and Reid, 1965; Holland, Reid, Seltser, and Stone, 1965; Fairbairn and Reid, 1958; Phelps and Koike, 1962) were associated with an increased incidence of symptoms and a lower FEV. But it was not possible to decide which of these factors was primarily associated with structural damage to the lung. Pathologists (Leopold and Gough, 1957; Heppleston, 1968; McLean, 1958) have maintained that specimens they examine show active inflammatory disease of the airway, particularly around the respiratory bronchioles, and this is important in the aetiology of at least some forms of lung damage. (Kory, Callahan, Boren, and Syner, 1961) and 0 024 litre/year (Ferris, Anderson, and Zinkmantel, 1965 (Fig. 3) showed the hospital patients to be predominantly at the more rapidly deteriorating end of the spectrum.
Hospital patients are a select group on the grounds of greater or more rapid loss of ventilatory capacity. Fletcher and Tinker, 1961;  factor occurred before changes in Higgins, 1959) , and many other studies. Neither 'is probably reduced by a number did the smokers and non-smokers have different agging or fibrotic occlusion of air-rates of decline of the FEV despite the symptom Alosure during forced expiration, differences. This again contrasts with the findings Ice in individual airways and, in of Fletcher (1968) and Higgins and Oldham (1962) . on of the chest wall in inspiratory If smoking and sputum habit cannot easily be d terms these mechanisms can be related to the decline of the FEV in this group of ctive' in nature except perhaps for men, there must be other relevant factors. These nges. Most of these changes can men live in a heavily polluted area. Twenty years )y creating resistance when the ago average yearly smoke concentrations in the city Lpidly. A closer analysis of the of Sheffield exceeded 500 , g/m3. Figure 4 shows the Dmpared to FVC is needed but it available data for atmospheric smoke and sulphur rway disease causing 'obstruction' dioxide during the course of the study from a ieous changes in FEV and FVC collecting station close to the works. The average fferences in severity of disease in yearly smoke concentration doubled during the early part of the study when the increased incidence ntilatory capacity is lower or of symptoms was observed. The recent improvement   FIG. 4 . Average yearly levels of atmospheric smoke and sulphur dioxide (SO2) taken from a sampling station close to the works. in symptoms coincided with a return of the levels of atmospheric smoke to pre-study levels. The importance of atmospheric pollution to respiratory symptoms and the FEV has been emphasized by Fairbairn and Reid (1958) and Holland and Reid (1965) . Lunn, Knowelden, and Handyside (1967) found in Sheffield schoolchildren that atmospheric pollution had an important effect on the incidence of respiratory illnesses. If the respiratory disability in adults is due to a combination of several causes, such as cigarette smoking, recurrent infection, and atmospheric pollution, then one might expect each to contribute. But if one factor alone is sufficient to cause a maximal response then it would not be possible to detect any contribution from the other possible causes. This study suggests that heavy atmospheric pollution, to which all these men were exposed, was causing a maximal response and was making it impossible to detect the contribution of cigarette smoking or repeated infections. Carefully controlled prospective studies with groups in different environments might make it possible to detect the contribution of these other factors.
Finally, in view of the variable rate of decline of the FEV in individual men, it is difficult to determine what should be considered a normal rate of deterioration. The selection of a 'normal' population by the absence of symptoms is clearly erroneous and likely to include many men who are deteriorating rapidly but yet asymptomatic. For these reasons the figures of 'normal' regression coefficients for the FEV obtained from prevalence studies and hospital populations are too high.
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